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1
OPTICAL RESONATOR FOR SENSOR
ARRANGEMENT AND MEASURING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a national phase application of PCT
Application No. PCT/EP2012/004219, internationally filed
Oct. 4, 2012, which claims priority to European Application
No. 11 075 224.3, filed Oct. 10, 2011, both of which are
herein incorporated by reference in their entirety.

TECHNICAL FIELD

The disclosure relates to an optical sensor arrangement for
measuring an observable.

BACKGROUND

Optical resonators have been used as sensor elements by
exposing the respective resonator to an observable and by
detecting shifts of resonance wavelengths caused by the
observable.

In this context, optical micro ring resonators have a great
importance due to their high quality as optical sensors. A
sensor of this type is very sensitive as a surface of the micro
ring is scanned by an evanescent field of a light wave propa-
gating within the micro ring. Currently, micro ring resonators
are used to perform measurements with a selectively working
absorber surface, which plays an important role for an
adequate specificity of the sensor. Molecules adsorbed or
collected at the surface cause an optical ring circumference to
vary. Thus, an effective refractive index of the micro ring
resonator changes such that wavelengths of resonant modes
are shifted. The goal is to reliably measure changes in the
refractive index of the surrounding medium even if their
relative size is far less than 107>, Similarly, micro ring reso-
nators can also be used for measuring temperature effects
(this is possible if resonance shifts are caused by a tempera-
ture dependence of the refractive index), mechanical influ-
ences (e.g. via stress birefringence) or humidity (as water will
condensate on a surface of the micro ring and lead to a change
in the effective refractive index).

In order to achieve sufficiently high resolutions, known
sensors of this type will need a tuneable diode laser. This is
due to the fact that a wavelength resolution of the sensor
arrangement is directly related to the sensor sensitivity. Prob-
lems may be caused by the fact that tuneable diode lasers are
very expensive.

SUMMARY

It is an object of the disclosure to describe a comparable
optical sensor arrangement and to suggest a method for mea-
suring an observable which can be realized at lower costs.

The disclosure relates to an optical sensor arrangement for
measuring an observable by means of an optical resonator
which is used as a sensor element, an optical length of this
resonator being variable depending on the observable. Fur-
thermore, the disclosure relates to a method for measuring an
observable which can be performed by a sensor arrangement
of this type.

In some embodiments, the optical sensor arrangement for
measuring an observable comprises a light source for emit-
ting light of a spectrum containing a plurality of different
wavelengths, a first optical element, a second optical element,
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a first photo detector and a second photo detector. One of the
first and the second optical elements is an optical filter for
filtering out a subset of said wavelengths, a transmittance of
the filter showing at least one peak, the peak coinciding with
one of said wavelengths. The remaining of the first and the
second optical elements is a sensor element, the sensor ele-
ment being an optical resonator, an optical length of this
resonator being variable depending on the observable. This
implies that a resonance wavelength or resonance wave-
lengths are shifted depending on a magnitude of the observ-
able. In some embodiments, at least one of the sensor element
and the filter is tunable. The tunable optical element may, e.g.,
be tuned by temperature control or by exposing it to an elec-
tric field or current. The light source is optically coupled to the
first optical element for feeding the light into the first optical
element, the first optical element being optically coupled to
the second optical element for feeding a part of the light
transmitted by the first optical element into the second optical
element. The first photo detector is optically coupled to the
first optical element for detecting a first component of said
part of the light which is not transmitted by the second optical
element, the second photo detector being optically coupled to
the second optical element for detecting a second component
of said part of the light which is transmitted by the second
optical element.

This sensor arrangement can be used for accurately mea-
suring the observable by tuning the sensor element or the
optical filter, dependent on output signals of the photo detec-
tors, such that a resonance wavelength of the optical resonator
or said peak is shifted until the resonance wavelength and the
peak are made to coincide. A strength of a control signal
applied to the sensor element or to the optical filter for shifting
the resonance wavelength or the peak, respectively, in this
way when the sensor element is exposed to the observable can
be regarded as a measure for the observable.

In some embodiments, a method for measuring an observ-
able, which can be performed using the optical sensor
arrangement herein described, comprises

producing light by means of a light source, the light having

a spectrum containing a plurality of different wave-
lengths,

feeding the light into a first optical element,

feeding a part of the light transmitted by the first optical

element into a second optical element,

detecting, by means of at least two photo detectors, a first

component and a second component of said part of the
light, wherein the first component is not transmitted by
the second optical element while the second component
is transmitted by the second optical element,

wherein one of the first and the second optical elements is

an optical filter for filtering out a subset of said wave-
lengths, a transmittance of the filter showing at least one
peak, the peak coinciding with one of said wavelengths,
and wherein the remaining of the first and the second
optical elements is a sensor element, the sensor element
being an optical resonator, an optical length of this reso-
nator being variable depending on the observable.

In some embodiments, the method further comprises:

tuning the sensor element or the optical filter by applying,

dependent on output signals of the photo detectors, a
control signal to the sensor element or to the optical filter
such that a resonance wavelength of the optical resona-
tor or said peak is shifted until the resonance wavelength
and the peak are made to coincide, a strength of the
shifting control signal being a measure for the observ-
able.



US 9,080,953 B2

3

In some embodiments, a reference can be obtained by
tuning the sensor element or the filter at known external
conditions, e.g., before exposing the sensor element to an
influence of the observable to be measured, such that the
resonance wavelength and the peak coincide. By subse-
quently exposing the sensor element to the observable and
tuning the sensor element or the filter as described above, a
shift of the resonance wavelength caused by the observable is
compensated. This is why the strength of the control signal
can be regarded as a measure for the observable. In the same
way, a reference measurement could be performed after-
wards, i.e. after the actual measurement which is performed
when the sensor element is exposed to the influence of the
observable to be detected.

In some embodiments, a high resolution can be obtained,
more or less independent from a spectral quality of the light
source, due to the fact that the transmittance of the filter shows
said peak which is made to coincide with the resonance wave-
length by adequately tuning the sensor element or the filter.
The light source may, thus, be chosen to be a rather cheap
light source like, e.g., a Fabry-Perot laser or an LED. The
transmittance of the optical filter may, of course, show addi-
tional peaks. The peak which is made to coincide with the
resonance wavelength, is a local maximum of the transmit-
tance and the transmittance shows a steep decrease to both
sides of the local maximum, the transmittance preferably
decreasing to at least almost zero within a small interval
surrounding the local maximum. This is how the term “peak”
is to be understood in this context.

In some embodiments, the control signal applied for tuning
the sensor element or the optical filter can be chosen such that,
depending on the exact design of the sensor arrangement, an
intensity of the second component or of the first component
has a maximum value and/or an intensity of the first compo-
nent or of the second component has a minimum value, the
maximum value and/or the minimum value indicating that
said resonance wavelength of the optical resonator and the
peak coincide.

In some embodiments, the sensor arrangement comprises a
control unit configured for tuning the sensor element or the
filter by means of a control signal, the control signal being
adapted for shifting, dependent on output signals of the first
and the second photodetectors, a resonance wavelength of the
optical resonator or said peak such that the resonance wave-
length and the peak are made to coincide, a strength of the
shifting control signal being a measure for the observable. In
this case, the method for measuring the observable can par-
ticularly easy be performed using the sensor arrangement.

In some embodiments, the optical filter can be designed as
a further optical resonator. Alternatively, the optical filter can
be a wavelength selective element comprising an optical grat-
ing, e.g. an Arrayed-Waveguide Grating (AWG). Both types
of filters are suited for obtaining the desired transmittance
showing the at least one peak.

In some embodiments, the sensor element can be realized
as a ring resonators, in particular as on optical micro ring
resonator, or as a Fabry-Perot resonator. The same applies to
the optical filter, which, in some embodiments, is designed as
an optical ring resonator or a Fabry-Perot resonator. Using
resonators of this kind results in a high resolution as well as in
advantageously small dimensions of the sensor arrangement.
They can be realized by circular shaped waveguides arranged
on a substrate.

In some embodiments, the measured observable which
influences the optical length of the sensor element can be at
least one of a temperature, a pressure, a mechanical stress, a
humidity and a presence or concentration of a substance or of
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a group of substances to be detected. For realizing a sensitiv-
ity for a presence or concentration of a particular substance or
group of substances, the sensor element can be covered at
least partially with an active layer of a covering material for
selectively adsorbing the substance or the group of substances
to be detected. For measuring the observable which, in this
case, is the presence or the concentration of the particular
substance or group of substances, the sensor element can be
brought into contact with a fluid to be analysed, an active
surface of the sensor element being configured such that the
optical length of the sensor element changes when the fluid
contains the substance or any of the substances to be detected.

In some embodiments, the sensor arrangement will be
compact and robust if it comprises a substrate, the substrate
carrying the filter and the sensor element, at least one
waveguide being arranged on the substrate for optically cou-
pling the light source, the filter, the sensor element and the
photo detectors. Also, the photo detectors and/or the light
source may be arranged on the same substrate as well. The
substrate can be, for example, a semiconductor chip.

In some embodiments, the light source is tunable, for
example by temperature control. The sensor arrangement
may, in this case, comprise a feedback control system for
controlling the light source dependent on an output signal of
the first or the second or a third photo detector, the feedback
control system being configured for tuning the light source
such that said peak is made to coincide with a maximum of the
spectrum of the light emitted by the light source. This can be
advantageous in order to make sure that a power of the part of
the light fed into the second optical element is sufficiently
high for all possible environmental conditions. By means of
the feedback control system, the light source can even if the
peak of the transmittance shifts due to changing external
conditions, be tuned such that said peak is made to coincide
with a maximum of the spectrum of the light emitted by the
light source. To this end, an output signal of one of the two
photo detectors or of a third photo detector can be used as a
controlled variable of the feedback control system.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the disclosure are explained hereafter
with reference to FIGS. 1 to 6.

FIG. 1 is a diagram illustrating a schematic top view of an
optical sensor arrangement for measuring an observable,
according to some embodiments described in the disclosure,

FIG. 2 is a diagram illustrating a schematic top view of an
optical sensor arrangement for measuring an observable,
according to some embodiments described in the disclosure,

FIGS. 3a-3g are diagrams illustrating how the observable
can be measured by means of any of these sensor arrange-
ments, according to some embodiments described in the dis-
closure,

FIG. 4 is a diagram illustrating a schematic top view of an
optical sensor arrangement for measuring an observable,
according to some embodiments described in the disclosure,

FIG. 5 is a diagram illustrating a schematic top view of an
optical sensor arrangement for measuring an observable,
according to some embodiments described in the disclosure,
and

FIG. 6 is a diagram illustrating a schematic top view of an
optical sensor arrangement for measuring an observable,
according to some embodiments described in the disclosure.

DETAILED DESCRIPTION

The sensor arrangement shown in FIG. 1 is based on a
substrate 1, which is a chip of a semiconductor material and
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made of a part of a wafer. The substrate 1 carries a first optical
element 2 and a second optical element 3. The first optical
element 2 is an optical filter and the second optical element 3
is an optical sensor element. In some embodiments, both
optical elements 2 and 3 are realized as optical micro ring
resonators having, in each case, a circular shaped waveguide
core.

An optical length of the second optical element is variable
depending on an observable to be measured. The optical
length can be expressed as nx2mr where n is an effective
refraction index and r is a radius of the respective micro ring.
The effective refraction index n depends on a value of the
observable as soon as the sensor element is exposed to an
influence of this observable. The observable may be, e.g., a
temperature, a pressure or any other kind of mechanical
stress, a humidity or a presence or concentration of a particu-
lar substance or of a group of substances. If the observable to
be measured is the presence or the concentration of a particu-
lar substance or group of substances, the sensor element is
covered at least partially with an active layer 4 of a covering
material for selectively adsorbing or collecting molecules of
said substance or group of substances.

The sensor arrangement further comprises a light source 5
for emitting light of a spectrum containing a plurality of
different wavelengths, a first photo detector 6 and a second
photo detector 7. The photo detectors 6 and 7 are, in some
embodiments, photo diodes arranged on the substrate 1. The
light source 5 may be, for example, an LED or a Fabry-Perot
laser source.

By means of a first waveguide 8 arranged on the substrate
1, the light source 5 is optically coupled to the first optical
element 2 for feeding the light into the first optical element 2.
The first optical element 2 is optically coupled to the second
optical element 3 and to the first photo detector 6 by means of
a second waveguide 9 for feeding a part of the light transmit-
ted by the first optical element into the second optical element
3, the first photo detector 6 detecting a first component of said
part of the light which is not transmitted by the second optical
element 3. The second photo detector 7 is coupled, by means
of a third waveguide 10, to the second optical element 3 for
detecting a second component of said part of the light which
is transmitted by the second optical element 3. The second
and the third waveguides 9 and 10 are, in the same way as the
first waveguide 8, realized by optical wires or waveguide
cores which are deposited above the substrate 1 and separated
from the substrate 1 by a buffer layer.

Acting as optical filter, the first optical element filters out a
subset of the wavelengths emitted by the light source 5. A
transmittance of this optical filter shows at least one peak
which coincides with one of these wavelengths.

In some embodiments, the sensor element, i.e. the second
optical element 3, is tunable. This means that its optical length
can be varied—and, thus, resonance wavelengths of the micro
ring resonator forming the sensor element be shifted—by
means of a tuning device 11. A control unit 12 of the sensor
arrangement is configured for tuning the sensor element by
means of a control signal, the control signal being adapted for
shifting, dependent on output signals of the first photo detec-
tor 6 and the second photo detector 7, a resonance wavelength
of'the sensor element such that the resonance wavelength and
said peak are made to coincide. A strength of the shifting
control signal can be regarded as a measure for the observ-
able. The control signal can be, e.g., an electrical current or a
voltage supplied to the optical element 3.

It should be noted that the different roles of the first optical
element 2 and the second optical element 3 may be exchanged
in different ways without changing the quality of the arrange-
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ment as an optical sensor for measuring the observable. First
of all, it is possible that the optical filter is tunable instead of
the sensor element and that said peak and said resonance
wavelength are made to coincide by tuning the optical filter
instead of the sensor element and, thus, by shifting said peak
of the transmittance of the filter instead of the resonance
wavelength of the sensor element. Furthermore and indepen-
dent of whether the first optical element 2 or the second
optical element 3 is tunable, it is possible to design the first
optical element 2 as a sensor element having its optical length
influenced by the observable. In this case, the second optical
element 3 is chosen to be the optical filter for filtering out a
subset of the wavelengths emitted by the light source 5, this
filter having a transmittance showing at least one peak which
coincides with one of said wavelengths. The optical filter may
also be regarded as a spectrometer.

In FIGS. 2 and 4 to 6, the same or corresponding features
are designated using the same reference signs. In some
embodiments, the sensor arrangement of FIG. 2 differs from
the sensor arrangement of FIG. 1 only in that the optical filter,
i.e. first optical element 2, is a Fabry-Perot resonator instead
of'aring resonator. Alternatively or in addition to this, the ring
resonator of the sensor element could also be replaced by a
Fabry-Perot resonator having an optical length varying
depending on the observable. Furthermore, it is not necessary
that the optical filter, i.e. the first optical element 2, is an
optical resonator. Instead, the optical filter can be given by
any other wavelength selective element showing an adequate
transmittance, in particular by an AWG. As can be seen in
FIG. 2, the active layer 4 covers the optical resonator com-
pletely.

A method for measuring the observable by means of one of
the optical sensor arrangements herein described is now
explained with reference to FIG. 3. This figure shows in
diagram a) the spectrum of'the light which emitted by the light
source 5 and fed via the first waveguide 8 into the optical filter.
An intensity I, of this light is shown in this diagram as a
function of the wavelength A. A transmittance T, of the optical
filter is shown in diagram b). This transmittance shows a
plurality of peaks which are separated by a free spectral
range. The size of this free spectral range will depend on the
optical length of the respective micro ring resonator and may
be, e.g., roughly 2 nm. At wavelengths in between the peaks,
the transmittance T, becomes zero. A part of the light is
transmitted by the optical filter and coupled into the second
waveguide 9. Diagram c¢) of FIG. 3 shows a spectrum of this
part, more precisely an intensity I, of this part of the light as
a function of the wavelength A. It can be seen that, in this case,
one of the peaks of the transmittance T, coincides with one of
the wavelengths emitted by the light source 5. Thus, the
spectrum of said part of the light shows one sharp peak as
well. Please note that it does not need to be excluded that more
than one peak coincides with the wavelengths contained in
the spectrum of the light source 5.

Viathe second waveguide 9, said part of the light is coupled
into the sensor element. Diagram d) shows a transmittance T,
ofthe sensor element in a state where the sensor element is not
exposed to an influence of the observable yet or where the
observable has a known reference value. The transmittance t,
is, in principle, similar to the transmittance T, of the optical
filter and shows a plurality of peaks separated by free spectral
ranges which are a bit different from the free spectral range of
the optical filter. The sensor element is designed and/or tuned
in a way that, in this state, one of the peaks of the transmit-
tance T, coincides with the peak of the transmittance v, which
coincides with one of the wavelengths of the lights source 5.
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Thus, this peak of the transmittance t, and the peak of the
spectrum shown in diagram c) coincide.

The first detector, which is situated at an end of the second
waveguide 9, will detect a first component of said part of the
light which is not transmitted by the sensor element. A second
component of said part of the light which is transmitted by the
sensor element is coupled into the third waveguide 10 and
detected by means of the second photo detector 7. The refer-
ence configuration characterized by the transmittance T,
shown in diagram d) can easily be found by tuning the sensor
element such that at least almost 100% of the intensity I, a
coupled into the third waveguide 10. In this state, the first
photo detector 6 will detect a minimum while the second
photo detector 7 detects a maximum.

Now, the sensor element is exposed to the influence of the
observable to be measured. Where this observable is the pres-
ence or the concentration of a particular substance or group of
substances selectively collected by the active layer 4, the
sensor element is, to this end, brought into contact with a fluid
to be analysed. The optical length of the sensor element will
change if this fluid contains the substance or one of the sub-
stances to be detected.

Depending on a value of the observable—e.g. depending
on whether said fluid contains the substance which is selec-
tively collected by the active layer 4—the peaks of the trans-
mittance T, are shifted by an amount which is a measure for
this value. The resulting shifted transmittance t,' of the sensor
element is shown in diagram e) of FIG. 3. Now, the sensor
element is tuned by applying, dependent on output signals of
the two photo detectors 6 and 7, a control signal to the sensor
element. This control signal is determined, by the control unit
12, such that the resonance wavelength of the optical resona-
tor which coincided with the peak of the spectrum shown in
diagram c) before exposing the sensor element to the influ-
ence of the observable is shifted until this resonance wave-
length and this peak are made to coincide again. The resulting
transmittance T," is shown in diagram f) and corresponds to
the transmittance T, shown in diagram d). A strength of the
control signal needed for shifting the resonance wavelengths
of'the sensor element accordingly is more or less proportional
to the shift caused by the observable and, thus, is a measure
for the observable.

Diagram g) illustrates how the control signal U, which is
applied for tuning the sensor element as described above is
found by the control unit 12. Diagram g) shows an output
signal s, of the first photo detector 6 and an output signal s, of
the second photo detector 7 as functions of the control signal
U. The control signal U, for compensating the shift caused by
the actual value of the observable is chosen such that an
intensity [ ofthe second component has a maximum value and
an intensity I of the first component has a minimum value as
this indicates that said resonance wavelength of the optical
resonator and the peak coincide. In some embodiments, the
optical filter can be tuned similarly instead of the sensor
element such that the resonance wavelength and the peak are
made to coincide. In this case, the control signal is applied to
the optical filter and the peaks of the transmittance T, are
shifted instead of the resonance wavelengths of the sensor
element.

The sensor arrangement shown in FIG. 4 is similar to the
sensor arrangement of FIG. 1. The light source 5 is a tunable
Fabry-Perot laser and the sensor arrangement features, in
addition to what is described above, a feedback control sys-
tem 13 for controlling the light source dependent on an output
signal of the first photo detector 6. The Fabry-Perot laser has
a multi mode spectrum and, therefore, would not be suitable
for reading out a micro ring resonator without using an optical

10

15

20

25

30

35

40

45

50

55

60

65

8

filter as described above. The output signal of the first photo
detector 6 is used as a controlled variable of the feedback
control system 13, which is configured for tuning the Fabry-
Perot laser such that the relevant peak of the transmittance T,
coincides with a peak of a spectrum of the Fabry-Perot laser.
This can be done, for example, by temperature control of the
light source 5. Assuming that the first optical element 2 and
the second optical element 3 see the same environmental
influences, this configuration eliminates the environmental
influences and makes sure that the spectrum coupled out of
the first optical element 2 is of the type shown in diagram c)
of FIG. 3.

FIG. 5 shows a sensor arrangement which differs from the
sensor arrangement of FIG. 4 only in that a third photo diode
14 is used for generating the controlled variable of the feed-
back control system 13 instead of the first photo detector 6. To
this end, a coupler 15 is provided for coupling out a small
fraction of the part of the light led by the second waveguide 9.

Another sensor arrangement is shown in FIG. 6. This
example shows that additional filters or resonators may be
used for filtering the light produced by the light source 5. The
sensor arrangement comprises a further micro ring resonator
16 for filtering the light of the light source 5 which may be a
broad band light source. The micro ring resonator 16 is tuned
by the control unit 12 such that a spectrum of the filtered light
coupled into the waveguide 8 is suitable for feeding the sensor
element, i.e. for feeding the second optical element 3, via the
first optical element 2 in a way that the observable can be
measured as described above.

The invention claimed is:

1. An optical sensor arrangement for measuring an observ-
able, comprising:

a light source for emitting light of a spectrum containing a

plurality of different wavelengths;

a first optical element;

a second optical element;

a first photo detector;

a second photo detector; and

a control unit,

wherein the light source is optically coupled to the first
optical element for feeding the light into the first
optical element, the first optical element being opti-
cally coupled to the second optical element for feed-
ing a part of the light transmitted by the first optical
element into the second optical element,

wherein the first photo detector is optically coupled to
the first optical element for detecting a first compo-
nent of said part of the light which is not transmitted
by the second optical element, the second photo
detector being optically coupled to the second optical
element for detecting a second component of said part
of' the light which is transmitted by the second optical
element,

wherein one of the first and the second optical elements
is an optical filter for filtering out a subset of said
wavelengths, a transmittance of the filter showing at
least one peak, the peak coinciding with one of said
wavelengths, and

wherein the remaining of the first and the second optical
elements is a sensor element, the sensor element being
an optical resonator, an optical length of this resonator
being variable depending on the observable,

the sensor element or the filter being tunable,

wherein the control unit is configured for tuning the
sensor element or the filter via a control signal, the
control signal being adapted for shifting, dependent
on output signals of the first and the second photo
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detectors, a resonance wavelength of the optical reso-
nator or said peak such that the resonance wavelength
and the peak are made to coincide, a strength of the
shifting control signal being a measure for the observ-
able.

2. The sensor arrangement of claim 1, wherein the optical
filter is a further optical resonator or a wavelength selective
element comprising an optical grating.

3. The sensor arrangement of claim 1, wherein at least one
of the sensor element and the optical filter is a ring resonator
or a Fabry-Perot resonator.

4. The sensor arrangement of claim 1, wherein the observ-
able influencing the optical length of the sensor element is at
least one of a temperature, a pressure, a mechanical stress, a
humidity and a presence or concentration of a substance or of
a group of substances to be detected.

5. The sensor arrangement of claim 4, wherein the sensor
element is covered at least partially with an active layer of a
covering material for selectively adsorbing the substance or
the group of substances to be detected.

6. The sensor arrangement of claim 1, comprising a sub-
strate, the substrate carrying the filter and the sensor element,
at least one waveguide being arranged on the substrate for
optically coupling the light source, the filter, the sensor ele-
ment and the photo detectors.

7. The sensor arrangement of claim 1, wherein the light
source is tunable and the sensor arrangement comprises a
feedback control system for controlling the light source
dependent on an output signal of the first or the second or a
third photo detector, the feedback control system being con-
figured for tuning the light source such that said peak is made
to coincide with a maximum of the spectrum of the light
emitted by the light source.

8. A method for measuring an observable by an optical
sensor arrangement, the method comprising:

producing light by a light source, the light having a spec-

trum containing a plurality of different wavelengths;
feeding the light into a first optical element;

feeding a part of the light transmitted by the first optical

element into a second optical element;

detecting, by at least two photo detectors, a first component

and a second component of said part of the light, wherein
the first component is not transmitted by the second
optical element while the second component is transmit-
ted by the second optical element,

wherein one of the first and the second optical elements is

an optical filter for filtering out a subset of said wave-
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lengths, a transmittance of the filter showing at least one
peak, the peak coinciding with one of said wavelengths,
and

wherein the remaining of the first and the second optical

elements is a sensor element, the sensor element being
an optical resonator, an optical length of this resonator
being variable depending on the observable,

the method further comprising:

tuning the sensor element or the optical filter by apply-
ing, dependent on output signals of the photo detec-
tors, a control signal to the sensor element or to the
optical filter such that a resonance wavelength of the
optical resonator or said peak is shifted until the reso-
nance wavelength and the peak are made to coincide,
a strength of the shifting control signal being a mea-
sure for the observable.

9. The method of claim 8, wherein the control signal
applied for tuning the sensor element or the optical filter is
chosen such that an intensity of the second component or of
the first component has a maximum value and/or an intensity
of the first component or of the second component has a
minimum value, the maximum value and/or the minimum
value indicating that said resonance wavelength of the optical
resonator and the peak coincide.

10. The method of claim 8, wherein the optical filter is
chosen to be a further optical resonator or a wavelength selec-
tive element comprising an optical grating.

11. The method of claim 8, wherein at least one of the
sensor element and the optical filter is chosen to be a ring
resonator or a Fabry-Perot resonator.

12. The method of claim 8, wherein the measured observ-
able, which influences the optical length of the sensor ele-
ment, is at least one of a temperature, a pressure, a mechanical
stress, a humidity and a presence or concentration of a sub-
stance or of a group of substances to be detected.

13. The method of claim 12, wherein the sensor element is
brought into contact with a fluid to be analysed, an active
surface of the sensor element being configured such that the
optical length of the sensor element changes when the fluid
contains the substance to be detected.

14. The method of claim 8, wherein the light source is
tuned using a feedback control system such that said peak is
made to coincide with a maximum of the spectrum of the light
emitted by the light source, an output signal of one of the two
photo detectors or of a third photo detector being used as a
controlled variable of the feedback control system.
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